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Introduction 1
Morphological and phylogenetic studies have hypothesized that the diversification of 1 statistic (Pybus and Harvey, 2000) , whether the pattern of lineage diversification in the 1 platyrrhine tree departs from what is expected under the most simple model, Pure-Birth 2 (PB), in which each species has a constant probability λ (speciation rate) of generating 3
another species in each point in time and there is no extinction (Nee, 2006) . Under this 4 model, the number of species N(t) after t units of time, starting from N(o) species is 5 expected to grow exponentially: N(t) = N(o)e λt . The γ statistic measures the difference 6 between the average sum of branch lengths between each internal node and the root and 7 the midpoint of the tree (Pybus and Harvey, 2000) . This statistic has mean of 0 for trees 8 generated under a PB process, and significant negative values indicate a decelerating 9 lineage accumulation rate toward present times, or, in other words, that branching 10 events are concentrated disproportionally early in the phylogeny, as is expected in 11 scenarios of adaptive radiation (Gavrilets and Losos, 2009). 12
To further assess the diversification model that best explains the observed 13 diversity pattern and to estimate possible changes in diversification rates across the 14 platyrrhine tree we compared the fit, using the Akaike Information Criterion (AIC), of 15 the observed branching sequence to various models of lineage accumulation. AIC is 16 calculated as -2ℓ+2K where ℓ is the maximum likelihood value of the data and K is the 17 number of parameters in the model. AIC represents a compromise between fit andcurves may be underestimated in the DDX and DDL models, we also included a 1 density-dependent model with a non-zero µ (DDD+E; Etienne et al., 2011). Density-2 dependent models assume that the diversification rate (λ-µ) decreases as the lineage 3 population reaches some threshold density. If there are ecological limits to diversity, a 4 slowdown in lineage diversification rate would be expected in an adaptive radiation 5 scenario, since ecological opportunity may decrease as niches are filled ( which can estimate whether and when a shift in rates occurred in the tree. 10 To account for incomplete sampling in our tree, we added the missing splitting 11 events to the analyzed tree, using the maximum likelihood λ and µ estimations from the 12 MCC tree, assuming that they occurred between 1 and 5 Ma. Using this approach, we 13 (as numbers of genera confined to an interval plus those that cross the top boundary of 7 the interval; Foote, 2000) for each SALMA. To test for possible biases due to a poor 8 sampling of the fossil record, we applied the Spearman's rank correlation test as 9 described in Barrett et al. (2009) . Briefly, the number of genera for each time slice (as 10 SALMAs) is expected to be positively correlated with the number of sampled 11 geological formations if sampling is affecting the shape of the origination curve. 12 13
Phenotypic diversification analyses 14
Platyrrhine monkeys are one of the most phenotypically diverse groups of living 15 primates. In particular, body size can range from roughly 100 grams in Cebuella 16 pygmaea to more than 10 kg in some atelids, with hypothesized ecological and 17 functional correlates. Thus, size, with all its intrinsic biological attributes, represents a 18 good example of the significant phenotypic diversity found in platyrrhines. We obtained 19 body mass data from the literature for the 78 extant species in our phylogeny and 15 20 fossil species (estimated from dental measurements and regression formulae; 21 Supplementary Table A. 3). As male and female body mass were highly correlated (R 2 = 22 0.986) among the living, species average body mass were used in the analyses. Male 23 and female data were pooled and log-transformed for all analyses.
To explore the time pattern of body mass variation, we first calculated a mean 1 relative disparity-through-time (DTT) plot for our phylogeny as described by Harmon et 2 al. (2003) . Disparity is measured as D = Σ(d i )/n-1 where d i is pairwise Euclidean 3 distance between species and n is the number of species. First, disparity was calculated 4 for the entire platyrrhine clade, and then for each subclade. Disparity of each subclade 5 was standardized by dividing it by the disparity of the entire clade (relative disparity; 6
Harmon et al., 2003). Finally, the mean relative disparity for each point in time is 7 calculated for all subclades present at that time. Then we compared the observed body 8 mass disparity trough time to that expected if character evolution had followed a 9
Brownian motion (random) model of diversification by simulating body size evolution 10 1,000 times across our tree. Disparity values near 0 imply that most of the phenotypic 11 variation is partitioned among subclades rather than within each subclade (e.g. among 12
families, subfamilies, etc. rather than within each family, subfamily, etc.), whereas 13 values near 1 imply the opposite, indicating that subclades have independently evolved 14 to occupy similar places of morphological space (Harmon et al., 2003) . Phenotypic 15 disparity is expected to be partitioned among subclades early in an early niche-filling 16 scenario of adaptive radiation. We also calculated the morphological disparity index 17 Body mass is proposed to be strongly related to diet among platyrrhines 23 (Rosenberger, 1980 (Rosenberger, , 1992 In the BM model, body size evolves up the phylogeny via random walk and disparity 5 accumulates over time (Felsenstein, 1985) . To model adaptive evolution in platyrrhine 6 size variation, we implemented seven Ornstein-Uhlenbeck models (OU; Hansen, 1997) 7 with either one, three, four or five optima. Particularly, we implemented a random walk 8 with a single stationary peak modeled as an Ornstein-Uhlenbeck process (OU1), such 9 that the size have a tendency to return to a median value (Hansen, 1997; Butler and 10 King, 2004) , and six OU models with several optima formulated based on previous 11 hypotheses about the main ecological dimension behind the platyrrhine diversification. 12
The parameters of the evolutionary models were estimated by maximum likelihood: σ 13 (the intensity of the random changes in body size), α (the rate of changes toward an 14 optimum, or the strength of selection), θk (optimal value for the body size in each niche 15 optimum k). 16
To build the ecological models, or adaptive evolution hypotheses, we first 17 assigned each extant species to an ecological niche according to published works 18 (Rosenberger, 1992 of ecological variables and avoid multicollinearity; these PCs describe broad variation 5 in ecology (i.e., diet composition, diet quality and locomotion PCs) and were used to 6 group species in the different ecological niches (see below). It is important to remark 7 that although these niche models are based on real datasets, they are hypotheses 8 modelling the ancestral partition of platyrrhine niches. OU processes model the effect of 9 different selective regimes (ecological niches in this case) acting along the branches of a 10 phylogenetic tree and thus can be used to test for phenotypic diversification related to 11 ecological factors (Buttler and King, 2004), using data that is strongly phylogenetically 12 structured. In our analyses, character states for all internal branches were estimated 13 using a maximum likelihood approach. This result is robust to incomplete sampling (mean γ = 0.290, p = 0.612). Moreover, the 23 best supported model of lineage diversification was a pure-birth model with one rateshift: an abrupt slowdown in speciation rates at 0.42 Ma (Table 1 ). Such recent rate 1 shifts may not be significant since incomplete species sampling and taxonomic inflation 2 can affect the shape of the most recent portion of the tree; however, when accounting for 3 incomplete sampling, a slowdown is also recovered at similar dates (Supplementary  4   Table A.4) . Overall, this result shows, based on the extant species tree, that through 5 more than 99% of the time since its origins, crown platyrrhines diversified at a constant 6 rate. On the other hand, for the BD models, the maximum likelihood extinction rate is 7 probably underestimated, an acknowledged issue of diversification models. The absence 8
of an evident early pulse of lineage origination is also visually seen in the LTT plot for 9 extant species (Fig. 2) . However, the fossil lineages origination curve seems to show a 10 different picture: a relatively rapid increase in the number of species followed by an 11 apparent slowdown in the origination rate, a pattern reminiscent of a density-dependent 12 diversification trajectory (Fig. 2, blue dashed line) . This pattern is even stronger when 13 compared to simulated trees under the PB and BD models, even considering that the BD 14 curve includes extinct lineages (Fig. 2) . Furthermore, this minimum estimated diversity 15 through time is likely to be very conservative, since it lacks a large fossil record from 16 the early Miocene of Amazonia, an area that was certainly populated with platyrrhine 17 representatives. The Spearman's correlation coefficient between genera per SALMAs 18 and the sampled geological formations showed a non-significant value (r=0.286, p = 19 0.65), suggesting that the observed increase in fossil genera over time is not due to 20 sampling bias. 21 Figure 3 shows the DTT plot for the body mass data. Average subclade disparity 22 along the entire history of the group is lower than expected under a BM model of mass 23 evolution. Values drop near 0 since the early divergence of the platyrrhines, and showlittle variation over time. An MDI value of -0.255 also confirms quantitatively this 1 result. This outcome indicates a strong pattern where most size variation occurs among 2 the main platyrrhine subclades, which tend to occupy more isolated regions of body 3 mass morphospace, consistent with an early radiation and niche-filling scenario. 4
The PCs scores displayed in the figure 4 were used to group species in the 5 different ecological niches. Particularly, we defined 4 and 3 niches for diet composition 6 (OU-dietC4 and OU-dietC3, respectively); 5 and 4 niches for diet quality (OU-dietQ5 7
and OU-dietQ4, respectively); and 3 niches for locomotion (OU-Loc3; Fig. 4 ). Finally, a 8 multidimensional niche model was built based on the Rosenberger (1992) hypothesis; 9 this hypothesis is mainly a combination of diet composition and locomotion niche 10 dimensions and defines 5 broad ancestral ecological niches (OU-MD5; Fig. 4 ). The 11 overall fit of the models of body mass evolution to these hypothetical niches is shown in 12 Table 2 . The OU model with 5 body mass optima (OU-MD5), following the 13 multivariate niche hypothesis of Rosenberger (1980 Rosenberger ( , 1992 , was the best supported, with 14 an Akaike weight well above the other candidate models, which performed poorly in 15 comparison. Taking into consideration the proposed phylogenetic relationships of the 16 fossils with extant clades (Rosenberger, 1992 show a slowdown in diversification rates toward present times (Fig. 2) . When the oldest 8 known fossil lineages (mostly from Patagonia) are considered, the number of lineages 9
increases noticeably compared to those inferred to exist at that time from the molecular 10 phylogeny, and an early pulse (approximately between 20 and 15 Ma) in the origination 11 of platyrrhine lineages may become observable (Fig. 2) . Moreover, diversity levels ., 2008) . Globally, these findings may suggest that high extinction levelsplayed a key role in shaping the extant assemblage of platyrrhine species, and that the 1 observed lineage diversity pattern can be reconciled with the predictions of the adaptive 2 radiation theory only when considering that a significant part of the early platyrrhine 3 diversity became extinct. On the other hand, the observed slowdown in diversification 4 rates near present times, even when incomplete taxa sampling was considered, may be 5 linked to our inability to detect recent lineage splitting events. In this sense, this rate 6 slowdown at Pleistocene times has also been recovered in a recent analysis of a 7 phylogeny of all primates (Springer et al., 2012) in which different taxonomic 8 arrangements were considered, thus further indicating that evolutionary relevant 9 splitting events may be overlooked by our current taxonomic criteria. 10 11
Phenotypic diversification 12
Our results concerning the temporal pattern of body mass variation are generally 13 consistent with the expectation that the size variation was partitioned among subclades 14 early in the phylogenetic history of the platyrrhines. The plot in the Figure 3 The AIC analysis used to test whether body mass evolved according to a 23 stochastic model or to the occupation of different ecological niches shows interestingresults. Particularly, Brownian motion, the non-adaptive and simplest (i.e., with fewer 1 parameters) model, has limited support ( Table 2 ). The models of phenotypic 2 diversification within each dietary and locomotion niche (OU-dietQ, OU-dietC and OU-3 Loc3 models, Fig. 4 ) exhibit poor performance with respect to other models (Table 2 ). 4
The model of phenotypic diversification during differentiation of the main lineages and 5 subsequent evolutionary stasis within the multidimensional ecological niches (OU-MD5 6 model; Rosenberger, 1992; Rosenberger et al., 2009) has the best performance ( Table  7 2). These results differ from previous works pointing out that platyrrhine size 8 diversification is mainly related to diet variation (e.g., Marroig and Cheverud, 2001; 9
Perez et al., 2011). Conversely, we show that the diet ecological dimension alone is not 10 enough to explain the platyrrhine body mass diversification. These outcomes support a 11 more complex scenario where platyrrhine evolution is likely related to size changes 12 among the main lineages linked to a multidimensional niche (Rosenberger, 1980 (Rosenberger, , 1992 . 
Conclusions 20
The temporal pattern of lineage accumulation and the mode of phenotypic 21 evolution described here based on the extant platyrrhine species might seem 22 contradictory since, as described above, one of the adaptive radiation scenarios predicts 23 an early burst of species origination accompanied by a marked phenotypicdiversification. Although both processes may be unlinked, when we also consider the 1 fossil record information this contradiction diminishes as a pattern of an early burst of 2 species diversification arises. This result also shows how the signature of an adaptive 3 radiation may have been erased from the phylogenetic structure of extant species -4 perhaps by high rate of extinction among lineages after the earlier diversification-but 5 be still retained in the patterns of phenotypic variation, as recent examples have 6
suggested (e.g., Slater et al., 2010; Derryberry et al., 2011). Furthermore, body mass 7 niches appear to have been filled very early in the history of the clade, with a pattern 8 that is remarkably stronger than that seen in other groups. This point also is confirmed 9
by the inclusion of information from the fossil record. Therefore, using a novel 10 approach, as well as fossil and extant species, our analyses support the hypothesis that 11 the platyrrhine tempo and mode of diversification appears to be characterized by an 12 early and profound differentiation in body size related to a multidimensional niche Relative time Relative body mass disparity Body mass (log) 
